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INTRODUCTION 
The tissue culture techniques have emerged as viable research 
procedures of fundamental, academic and commercial importance 
(Murashige, 1980). The development of efficient protocol for reproducible 
high frequency plant regeneration from cultured cells and tissues has, there-
fore, assumed great importance. The techniques have attracted the attention 
of plant scientists from all disciplines, as they form the useful tools for 
solving many of their concerned problems. These techniques are not only 
found less time consuming, less labour involving over the conventional 
techniques but are also very precise and can be performed under precise 
controlled conditions. 
However, it is important that undifferentiated cells or tissues should 
have the potentialities for differentiation. Different plants have different 
potentials for differentiation. The hormonal and nutritional requirements 
are different for different plant species. 
Appreciable progress has been made in herbaceous plant species of 
medicinal and economic importance (Afroz et al. 1999; Pandey et al. 
1999) but a very limited number of tree species responded to culture 
conditons (Sardana and Batra 1998; Batra et al. 1999), because most of 
them regarded as recalcitrant (Murashige, 1980). Several workers reported 
a complex nutrient supply for successful regeneration in trees (Srivastava 
and Pande, 1998; Mohan et al. 1995), but in general BAP and NAA 
combination was better for organogenesis (Taskin ei al. 1997). 
Ficus cahca is a small or moderate sized deciduous tree, 15- 30 ft. 
high with broad ovate nearly orbicular leaves, more or less deeply 3-5 
lobed, rough above and pubescent below, fruits axillary, usually pear-
shaped, variable in size and colour. 
The fig plant is considered to be a native of Carica in Asia Minor 
and is grown in nearly all tropical and subtrooical countries. In India, its 
commercial production is limited to a few centres near Poona and Bellary 
and Anantapur districts (S. India). 
The fruit*of E carica like those of other species of Ficus is a 
Syconium- a fleshy hollow receptacle with a narrow aperture at the tip 
and numerous small flowers, male, female and gall types, lining the inner 
surface. 
Figs are consumed fresh, dried, preserved, candied or canned. A 
preparation known as Fig coffee is manufactured in Europe and used as 
coffee substitute, other fig products are spiced or Pickled figs. Fig bread, 
Fig meat and Fig brownies. 
Fresh fig is a delicious fruit with high nutritive value. It consists of 
c. 84% pulp and 16% skin. The chemical composition varies with type. 
The average composition of the edible part of the fresh Indian fig is as 
follows: 
(r 
Moisture Protein 
Ether extract. 
Mineral matter 
Carbohydrates 
Calcium 
Phosphorus 
Iron 
Carotene 
Nicotinic acid 
Riboflavin 
Ascorbic acid 
-
-
-
-
-
-
-
-
-
-
-
-
80 .8% 
1.3% 
0.2% 
0.6% 
1 7 . 1 % 
0.06% 
0 .03% 
1.2 mg 
270 lU 
0.6 mg 
50 ^ig. 
2 mg/100 g. 
Analysis of Fig skin gave the following value: 
^ 
Moisture 
Protein 
Fat 
Fibre 
Carbohydrates 
Ash 
Calcium (CaO) 
Phosphorus (P2O5) -
Potash (K2 O) 
Sugar 
Gum & mucilage 
7 6 . 3 % 
1.5% 
0 .5% 
2 . 3 % 
18.7% 
0.7% 
0.162% 
0.055% 
0 .233% 
5.4% 
2.74% 
) 
Economic and medicinal value 
(1) The principal acids in fresh figs are citric and acetic acid , small 
amount of malic, boric and oxalic acid are reported to be present. The 
acid contents range from 0.1 to 0.44% . 
(2) Fresh figs also contains gum and mucilage (0.8%) and pentosans 
(0.83%). 
(3) Fig skin contains sugar (5.4%), gum and mucilage (2.74%). 
(4) Fig juice contains on an average 20.7% sugar. 
(5) Dried seeds of caprified Californian figs yields c. 30% fixed oil 
which may be used for edible or industrial purposes. 
(6) The fresh or dried fruit is valued for its laxative property. It is 
diuretic, demulcent, emolient and nutritive. 
(7) It is used in the form of confection and syrups. 
(8) Figs are considered useful in the prevention of nutiritional anaemia 
(9) Dried figs are used in Mediterranean countries for the production 
of alcohol and wine. 
In vitro studies on Ficus carica (Moraceae) have been attempted 
previously with limited success because of the recalcitrant nature of the 
plant and also because of the phenolic exudation into the medium which 
causes a general growth inhibition. Earlier reports have mostly confined 
to the culture of shoot tip (Murith et al. 1982).Thus considering the 
importance of the plant, the present investigation was undertaken to check 
the phenolic release in culture and to explore the regeneration potential 
of nodal, internodal and leaf explants. Hence, a successful attempt has 
been made to induce fast growing callus in different explants as well as 
direct and indirect rhizogenesis, caulogenesis and acclimatization. 
/^ •^  x^s-^zoG "> ^ 
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REVIEW OF LITERATURE 
One of the main achievements in plant tissue culture in recent years 
is the isolation and culture of excised explants in vitro. The German 
Botanist Gottlieb Haberlandt (1854-1945) made pioneering attempts to 
isolate palisade cells of Lamium purpureum and culture them in artificial 
nutrient medium. Isolation and culture of intact leaves on a simple nutrient 
medium containing vitamins and auxins was attempted by Nobecourt 
(1939). Later, the process received wide attention and subsequently many 
devoted workers in this particular field proved to be successful and opened 
new avenues for betterment of existing plant species. 
An attempt has been made to review the relevant literature pertaining 
to the present studies on different explants separately. 
Leaf Culture 
Sharda Thakur (1975) reported differentiation of shoot buds and 
root in petiolar segments of Begonia picta Smith. Regeneration of shoot 
buds and roots from petiole segment explants was influenced by 
exogenously supplied cytokinins and auxins. Incorportion of cytokinins 
and auxins accelerated differentiations of shoot buds and roots respectively. 
In their experiment two interesting aspects were the stimulation of shoot 
bud differentiation by lowering the concentration of auxins and the 
formation of paw like forbed roots on medium supplemented with 
benzylamino purine and indole butyric acid. In the same year 
Sehgal studied in vitro differentiation of foliar embryos and 
adventit ious buds from the leaves of Begonia semperflorens. 
Leaf and petiole segments implanted on modified Whites 
basal medium supplemented with or without indole acetic 
acid ( 0 . 1 , 0.5 and 1 ppm) or napthalene acetic acid ( 0 . 1 , 0.5 
and Ippm) , produced roots only. While on WM with kinetin 
( 0 . 1 , 0 .5 , Ippm) , the explant produced advent i t ious buds. 
Incorporation of casein hydrolysate/yeast extract (100 ppm) 
in the above medium, besides the production of adventitious 
buds, the cultures also developed embryo like structure. 
Oka and Ohyama (1981) reported in vitro adventi t ious 
buds f o r m a t i o n an M u r a s h i g e and S k o o g ' s m e d i u m 
supplemented with benzyl adenine from leaf explants of 
Mortis alba. 
Whereas Mridula et al. (1983) reported multiple shoot 
fo rmat ion from leaf exp lan t s of Sapium sebiferum. The 
leaf explant p roduced callus on MS medium supplemented 
with NAA (5 .0 mg/1) + CH (100 mg/1) + CM (10%) . The 
ca l lus was g reen , soft and fr iable and when t r ans fe r red 
on MS medium containing Kn (0.5 mg/1) + BAP (1.0 mg/1) + CH (100 
mg/1) exhibited multiple shoot formation. 
Whereas, Narayan et al. (1986) observed differentiation of plantlets 
from leaf callus of Ficus religiosa. Leaf discs were cultured on Murashige 
and skoogs medium supplemented with 2, 4 - D (0.5 mg/1). Shoots were 
regenerated when the induced calli were transferred to medium 
supplemented with BAP (0.5 - 2.0 mg/1). These shoots produced roots 
and developed into plantlets when transferred to liquid medium 
supplemented with NAA ( l.Omg/1). 
Further James et al. (1988) obtained shoot regeneration from the 
leaf tissue of apple on Linsmaier and skoog's (1965) medium supplemented 
with different combinations of BA and NAA. BA (2.0 mg/1) + NAA (0.5 
mg/1) proved to be optimal combination for shoot regeneration . In the 
same year Goh et al. studied direct shoot regeneration from juvenile leaf 
segments of Mongosteen {Garcinia mangos tana) on White's medium 
supplemented with BAP (5mg/l) in vitro. 
However, Hossain et al. (1993) reported high efficiency of plant 
regeneration from petiole explants of Carica papaya L.through 
organogenesis. Callus cultures were obtained on MS medium containing 
NAA (0.5-10.5^ M) in combination with BA (0.5-5 jiM). Hard green 
calli when subcultured on MS medium containing CH (lOOmg/1) in 
combination with BA and NAA exhibited adventitious shoot bud formation 
within 2weeks of culture . Maximum number of adventitious buds obtained 
8 
on BA(2|j, M) and NAA(0.1|j,M). Regenerated shoots elongated on 
hormone free medium and rooted in half-strength MS medium fortified 
with NAA (3^M) and GAjCO.SiiM). 
Reza et al. (1995) reported plantlet regeneration from hypocotyl 
explants ofAlbizzia lebbeck on MS medium supplemented with BA ( 2.0 
mg/1) and NAA (0.2- 0.5 mg/1). Elongated shoots were rooted on 1/2 MS 
medium supplemented with IB A (1.0 mg/1) .In the same year Gill et al. 
obtained plantlet regeneration through somatic embryogenesis in Citrus 
reticulata. They found that the MS medium containing NAA (10 mg/1) + 
Kn (0.5 mg/1) induced best callusing which after supplementation of 
vitamin showed somatic embryogenesis. 
Further Marcotrigiano et al. (1996) studied shoot regeneration from 
tissue-cultured leaves of American cranberry {Vaccinium macro carp on). 
Modified Anderson's medium supplemented with Thidiazuron (TDZ) with 
or without NAA (1)1) M was used to optimize shoot regeneration from 
leaf explants. The effect of light or dark incubation was also determined. 
Maximum regeneration was obtained in light in the presence of TDZ (10 
p, M) and NAA (Ip. M). This medium was suitable for leaf explants 
obtained from shoot cultures. Regeneration did not occur from leaves 
collected from green house grown plants. Elongated shoots dissected out 
rooted easily and acclimatized. 
Shylesh and Padikkala (1996) showed callus induction and shoot 
formation from leaf disc of Emilia sonchifolia on Gamborg's basal medium 
supplemented with lAA (0.5 mg/1) + BAP (1 mg/1). While Dwari and 
Chand (1996) reported callus induction and proliferation through leaf 
culture in Dalbergia lanceolaria on MS medium augmented with NAA 
(2mg/l) and BAP (0.5 mg/1). In the same year Gupta et al. reported 
in vitro micropropagation of a multi purpose leguminous tree Delonix 
regia. They obtained as many as 25 shoots/ culture from leaf explant on 
Murashige and Skoog's medium (1962) supplemented with aspargine (50 
ppm), arginine (50 ppm), glutamine (50ppm), cysteine hydrochloride 
(5.0ppm) and varying concentrations of NAA and BAP. 
Jun et al. (1997) observed regeneration from leaf of Malus 
domestica cv. fuji in vitro. They have reported that in a combinational 
treatments of PGR's^MS medium with TDZ (2.0 mg/1) and IBA (0. lmg/1) was 
most effective. The addition of CH (100 mg/1 and 200 mg/1) to the 
regeneration medium was effective for shoot regeneration but AgNOj 
treatment decreased the rate of shoot regeneration. 
Hussein and Batra (1998) studied somatic embryogenesis from 
hypocotyl segment of Cumin cyminum on MS medium supplemented with 
various growth regulators . They obtained highest frequency of 
embryogenesis on MS medium supplemented with BA (6 mg/1) and IAA( 
3mg/l). 
Jasrai et al. (1999) reported adventitious shoot fromation directly 
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from leaf explants of Passiflora caerulea on MS medium supplemented 
with BA (lOji M) and lAA (0.1 ji M). They also found that subculturing 
of the leaf explant obtained from in vitro regenerated shoots at every six 
to seven weeks interval on fresh medium of same composition increased 
the number of adventitious shoots. The regen^^rated shoots were subjected 
to pulse treatment with IB A and transfer to half strength MS basal liquid 
medium. 
Stem Culture 
Sharma and Dhir (1985) reported in vitro development of axillary 
buds of stem explants of Bouganvillea on modified Murashige and skoog's 
basal medium supplemented with IBA and Kn. 
Roy and Datta (1985) obtained multiple shoots from shoot tip 
explants of Albizia procera on a defined MS medium supplemented with 
BAP (2.0mg/l). Rooting of in vitro regenerated shoots was obtained on 
modified MS medium supplemented with DBA (1.0 mg/1) and BAP (0.5 mg/1). 
Whereas, Ahlawat (1997) worked on Albizia procera and reported multiple 
shoots differentiatian directly from nodal bud explants and from the callus. 
Best differentiation and proliferation of shoots was obtained on MS 
medium supplemented with BAP (1.0 mg/1) + NAA (0.5 mg/1).Rooting 
was achieved on 1/2 MS medium supplemented with IBA (1.5 mg/1) + 
activated charcoal (1.0% ). 
Rai et al (1988) reported regeneration of plantlets from callus of 
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shoot tips and shoot segments in Dalbergia laiifolia on MS medium 
containing NAA and BAP. Later, Swamy et al. (1992) studied in vitro 
micropropagation of elite rose wood (Dalbergia latifolia) on Murashige 
and skoog's basal medium supplemented with BAP (1.0 mg/1) and NAA 
(0.05 mg/1) or lAA (0.5 mg/1). Multiplication of shoots was obtained on 
MS (reduced major elements) or woody plant medium supplemented with 
BAP (1.0 mg/1) and kinetin (0.5-1.0 mg/1). Excised shoots were rooted 
on 1/2 MS medium supplemented with IB A (2.0 mg/1). Further Giilati and 
Jaiwal (1996) studied micropropagation oiDalbergia sissoo from nodal 
explants on MS medium containing BAP (4.4 x 10"^  M) and NO A (4.4 x 
lO '^' M). The nodal segmentsfrom regenerated shoots subcultured repeatedly 
and large number of shoots were obtained . 
Roy et al. (1990) studied in vitro propagation of jackfruit {Arto 
carpus heterophyllus lam). The nodal explants cultured on MS medium 
supplemented with BAP (1 .Omg/1) and kinetin (0.5mg/l) showed multiple 
shoot formation. The shoots regenerated in vitro were also subcultured 
on fresh medium of same composition, and 5-7 new shoots developed. 
Rooting was induced on in vitro proliferated shoots by culturing on half 
strength MS medium supplemented with NAA and IBA (1.0 mg/1 each). 
The regenerants were successfully transferred to pots in a green house 
and. later to the field. 
Rout and Das (1993) reported bud break and multiple shoots from 
apical and axillary meristem in Madhuca longifolia on N basal medium 
12 
supplemented with BA singly or in combination with NAA, IB A and lAA. 
Lin et al. (1994) reported axillary bud elongation and root initiation 
in Milicia excelsa Welw. in vitro. Woody plant medium suplemented with 
vitamins (half strength Murashige and Skoog) and BA + NAA (4.4 + 0.54 
HM or 2.2 + 0.27 |iM) was tested to see its effect on axillary bud elongation 
and shoot growth. Shoot length was greater with vitamins and BAP (2.2 
|iM) + NAA (0.27 |j,M) than with other treatments. The frequency of 
axillary bud elongation and root initiation declined with the age of the 
parent plant.Explants from 11, 15 and 23-month-old plants had ABE 
frequencies of 89, 64 and 54 and rooting frequency of 67, 12 and 2% 
respectively. Rooted plantlets were transplanted to a peatmoss/vermiculite/ 
perlite medium for 2 weeks in a growth chamber and then transferred to a 
greenhouse and grown for 6 months with 100% survival. Raghuvanshi et 
al. (1994) observed in vitro plant regeneration from callus cultures of 
Justicea gendarussa. Nodal explants cultured on MS medium 
supplemented with 2, 4-D (1 mg/1) showed successful callusing. When 
the callus was transferred to 1:3 ratio lAA & kinetin supplemented MS 
medium^organised structures developed from the callus. Root and shoot 
systemiwere also formed. The plantlets were later transferred to the soil. 
Later Pattnaik et al. (1996) reported micropropagation of a fruit 
tree, Morus anstralis. High frequency of bud break and multiple shoots 
were induced in nodal explants collected between Nov. to Feb. from a 
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five year old tree ofMorus australis on MS medium supplemented with 
6-benzylaminopurine (1.0 mg/1). Incorporation of GA3 (0.3 mg/1) 
alongwith BAP (1.0 mg/1) induced faster bud break from nodal explant as 
well as from apical shoot buds. Nodal explants were more responsive 
than apical shoot buds. The shoots formed in vitro were multiplied further 
through nodal segment, and an average multiplication rate of 6-fold per 
subculture was established within 4-5 months. The shoots were 
successfully rooted on half-strength MS medium containing combination 
of indole-3-acetic acid and indole-3 butyric acid and indole-3- propionic 
acid (1.0 mg/1 each). The plantlets were successfully hardened off and 
established in natural soil. Sarker et at. (1996) studied in vitro 
propagation of Rauvolfia serpentina through tissue culture. Multiple 
shoots were induced from nodal segments and shoots of R. serpentina. 
MS medium containing BA (1.0 mg/1) and NAA (0.1 mg/1) was found to 
give the best shoot proliferation rate. Callus formed at cut bases of the 
explants produced shoots when subcultured on MS medium containing 
low concentration of BA (0.5 or 0.1 mg/1) and NAA (0.1 mg/1). The in 
vitro proliferated shoots were rooted and later transferred to soil. 
Whereas, Echeverrigaray et al. (1998) studied micropropagation 
of raisin tree (Hovenia dulcis Thunb.) through axillary bud culture. Stem 
explants cultured on MS medium with 1/3 of the original salt concentration 
supplemented with BAP (0.5 mg/1) and lAA (0.5 mg/1) showed 
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proliferation of new shoots in 4-5 weeks. Adventitious shoot proliferation 
was also stimulated in subsequent subculture in presence of BAP. The 
shoots were rooted when transferred to 1/3 MS medium with IBA (0.1 
mg/1). Plantlets were successfully transplanted to the field after a short 
accl imatizat ion period. Hammoudeh et al. (1998) studied 
micropropagation and regeneration of "Honeoye" strawberry and see the 
effect of several level of BA and TDZ alongwith basic and Staba vitamin 
as well as different combination of TDZ and NAA on shoot proliferation 
and regeneration. Rate of proliferation was maximum at TDZ (1.1 mg/1) 
in the presence of Staba vitamins and at BA (1.0 mg/1) in the presence of 
basic and staba vitamins. Optimum root number was obtained at NAA (0.2 
mg/1), whereas longest roots were produced at NAA (0.1 mg/1). When 
acclimatization was performed under transparent plastic and mist 
condition, survival of plantlets was 100% compared with other conditions. 
Kumar et al. 1998 reported micropropagation of Actinidia deliciosa from 
axillary buds. Single node explants cultured on Murashige and skoog's 
medium containing BA and kinetin alone and in combination with IBA 
exhibited axillary bud development. Axillary shoot formation was 
influenced by the type and concentration of cytokinin used. The axillary 
shoot bud development was higher with BA (2 mg/1) alone and in 
combination with IBA (0.02 mg/1). Shoot multiplication from axillary 
buds was achieved on a medium supplemented with BA (1 mg/1) + lAA 
(0.1 mg/1). In vitro raised shoots were rooted on MS medium containing 
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lAA (1 mg/1). Approximately 70-80% of the rooted plantlets were 
successfully established in soil. 
Sardana and Batra (1998) studied in vitro regeneration of Jojoba 
(Simmondsia chinensis). Shoot tip cultured on MS medium supplemented 
with NAA and BA (1.0 mg/1 each) induced shoot proliferation. Complete 
plantlets with well developed shoots and roots were obtained in the same 
medium. In the same year Sardana et al. reported micropropagation of 
Trachyspermum ammi by shoot tip culture. They obtained multiple shoots 
on MS solidified medium supplemented with BAP (8.0 mg/1) and lAA 
(3.0 mg/1) and rooted individually on IB A (5.0 mg/1). However the 
regenerated shoots in liquid medium containing BAP (0.5 mg/1) and lAA 
(7.0 mg/1) required supplementation of lAA (3.0 mg/1) for better root 
induction. 
Kathiravan and Ignacimuthu (1999) studied micropropagation of 
Canavalia virosa. Multiple shoots were induced from nodal explants of 
field grown plants on MS medium supplemented with a combination of 
BAP, GA3 and Kn. The MS medium containing BAP and kinetin, 
stimulated multiple shoot formation and BAP + GA3 stimulated shoot 
elongation. MS medium containing IBA induced root formation. These 
clonally propagated plants were successfully transplanted to the field after 
hardening. 
16 
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MATERIALS AND METHODS 
Plant materials 
Nodai, internodal and leaf explants were collected from a muture 
tree of Ficus carica growing in the campus of Aligarh Muslim University 
(Fig.l). 
Composition and preparation of culture medium 
In order to study various morphogenetic phenomenon in Ficus carica 
in vitro, Murashige and skoog's (1962) basal medium was used. The 
composition of medium is given below. 
A. Major salts 
f( 
Constituents 
NH^ NO^ 
KNO3 
CaCl^ .2H2O 
MgSO^.THjO 
K H , P O , 
Naj EDTA 
F e S O ^ . T H p 
V • 
mg/l (li) 
1650 
1900 
440 
370 
170 
37.3 
27.8 
mg/l (lOx) 
16500 
19000 
4400 
3700 
1700 
373 
278 
1 ^^  
gm/1 (lOx) 
16.50 
19.00 
4.40 
3.70 
1.70 
0.373 
0.278 
)) 
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B. Minor salts 
fc 
Constituents 
H3BO3 
Mn SO4.4H2O 
Zn SO4. 7H2O 
K I 
N E J M0O4.2H2 
Cuso .^ snp 
CoCij. enp 
11 
mgA (Ix) 
6.2 
22.3 
8.6 
0.83 
0.25 
0.025 
0.025 
mg/1 (lOx) 
62 
223 
86.0 
8.3 
2.5 
0.25 
0.25 
—_ 
C\ 
gm/1 (lOx) 
0.062 
0.223 
0.086 
0.0083 
0.0025 
0.00025 
0.00025 
1 )) 
C. Organic salts 
Cr 
Constituents 
Myo-inositol 
Nicotinic acid 
Pyridoxine HCl 
Thiamine HCl 
Glycine 
11 
mgA (Ix) 
100 
0.5 
0.5 
0.5 
2 
mg/1 (lOx) 
1000 
5 
5 
5 
20 
1 c\ 
gm/1 (lOx) 
1 
0.005 
0.005 
0.005 
0.02 
)) 
All the above constituents were dissolved in double distilled water 
and the volume of the solution was maintained as per requirements of the 
present experiments. The stock solution of basal medium was stored in 
refrigerator and regularly checked for any precipitation or visible 
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contamination and used within a month of its preparation. 
All auxins and cytokininiwere dissolved in a few drops of absolute 
alcohol and IN NaOH respectively and made to volume. Bacto-agar at 
1% concentration was used for solidification of the culture medium. 
Sucrose as a source of carbon (3%) was weighed separately and added to 
the medium. 
MS medium was supplemented with growth regulators as well as 
activated charcoal (50 mg/1). Following treatments were taken. 
/. For nodal stem culture 
(a) IBA(1, 2, 3 &4mg/l) 
(b) BAP/ Kn (0.4mg/l) + NAA (0.2 mg/1) 
(c) BAP/Kn(lmg/1) + NAA (0.4mg/l) 
(d) BAP/ Kn (4mg/l) + NAA (2mg/l) 
2. For internodal stem culture 
(a) NAA (2,4 and 6 mg/1) 
3. For leaf culture 
(a) IBA (3 & 4 mg/1) 
(b) BAP (1 mg/1) + NAA (0.4 mg/1) 
(c) Kn (1 mg/1) + NAA (0.4 mg/1) 
(d) lAA (2mg/l) + 2, 4 - D (2mg/l) 
(e) BAP (4 mg/1) + NAA (1 mg/1) 
(f) 2,4 - D(10mg/1) +BAP (Img/1) 
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(g) NAA (lOmg/1) + BAP(lmg/l) 
(h) IBA(10mg/l) + NAA(lmg/l) 
(i) Kn(10mg/1) + lAA (lmg/1) 
(j) 2, 4-D (10 mg/1) + NAA (1 mg/1) 
Sterilization of the medium and culture vessels 
The pH of the medium was adjusted to 5.8 by addition of IN HCL 
or IN NaOH prior to autoclaving. About 40 ml of culture medium was 
dispensed in conical flasks (100ml) and about 20 ml in culture tubes. The 
culture flasks and tubes were plugged with non absorbent cotton plug and 
kept in an autoclave at 15 lbs/in^ at 121°C for 15 minutes for the 
sterilization of culture medium. 
The instruments like scalpels, spatula, forcep, etc. were sterilized 
by autoclaving and also by flaming after dipping in ethyl alcohol. 
Sterilization of plant materials 
The stem and leaf explants collected from a mature tree were kept 
under running tap water for 30 min. The explants were treated with 
Ascorbic acid (200 mg/1) for 30 min. They were then kept in 5% teepol 
for 4-6 min. followed by subsequent washing in sterilized DDW, then 
surface sterilized in 0.1 % HgCl^ for 4-6 min. Time of sterilization depends 
on nature of the explant. A thorough washing with sterilized DDW was 
given to remove the traces of Hg Cl^. The explants were then inoculated 
on MS (Musarhige and Skoog) medium supplemented with growth 
regulators in various combinations and concentrations. 
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Aseptic technique 
The working table of inoculation room was wiped with 70% ethyl 
alcohol. Before carrying out the operations, the cabinet as well as media 
vessels, sterile petri-plates, and all instrument like scalpels, forceps etc 
were irradiated with ultra violet germicidal light overnight. The instruments 
were also sterilized by keeping them in ethyl alcohol and flaming them 
on the spirit lamp. 
Incubation 
After inoculation, the cultures were incubated in inoculation 
chamber under 16/8 hr. photocycle with 2500 lux of white fluorescent 
tubes. The temperature of the chamber was maintained at 25 ± 2° C. 
Observation were recorded at regular intervals. 5 replicates were taken 
for each treatments. 
Precautions 
1. Inoculation was done quickly to avoid contamination. 
2. The explant should be in contact with the culture medium for its 
proper growth. 
3. During observation of cultured explants culture tubes and flasks 
should be handled carefully to avoid losening of cotton plugs. 
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OBSERVATIONS AND RESULTS 
Stem culture 
Effect of IB A on nodal explants 
Nodal explants measuring (1-2 cm) cultured on MS medium 
supplemented with four different concentrations of IB A (1,2,3 & 4 mg/1) 
exhibited varying degree of callus, roots as well as shoots growth (Fig«7). 
The nodal segments cultured on MS medium fortified with IBA 
(lmg/1) started light green callus formation from cut ends 7 days after 
inoculation and subsequently light brown callusing was noticed from the 
surface of explant 10 days after inoculation. After 12 days of inoculation, 
emergence of 3 - 4 roots was observed just below the cut ends of the 
stem without intervention of callus formation. These roots were developed 
into healthy roots with dense root hairs within 4 -5 days(Fig. 2A). After 
18 days of inoculation friable light brown callus was noticed at one point 
at the cut end of the stem. Later a long root developed from this callus. 
These roots grew fast and secondary roots were also observed 25 days 
after inoculation (Fig. 2B). Initiation of shoot proliferation was observed 
from the node of the explants 26 days after inoculation. Shoot growth 
was fast and it attained a length of 3.0 cm 35 days after inoculation. It is 
significant to note that shoot showed positive geotropism (Fig.2C ). 
The nodal segments inoculated on MS basal medium supplemented 
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with IBA (2mg/l) showed callus initiation from cut ends and surface of 
the explants 8 days after inoculation. Callus actively proliferated and 
whole surface of the explants was covered with light brown callus 15 
days after inoculation. Later the colour of the callus changed to light green 
and its growth continued upto 30 days after inoculation. 
Initiation of indirect rhizogenesis was observed 12 days after 
inoculation (Fig,3A). The roots grew in size bearing fine root hairs 16 
days after inoculation. After 23 days of inoculation approximately 10-15 
roots were obtained (Fig-3B). Initiation of shoot proliferation was noticed 
from the nodal region of explants 25 days after inoculation. After 35 days 
of inoculation shoot length measured 2.5 cm (Fig.3 C). 
The nodal segments cultured on MS medium supplemented with 
IBA (3mg/l) exhibited light green callusing from cut ends of the explants 
7 days after inoculation. After 10 days of inoculation light brown callusing 
was noticed from the surface of explant with restricted growth . The first 
root appeared directly from the surface of explant 15 days after inoculation. 
After 20 days of inoculation only 4 roots were observed. Even after 25 
days of inoculation it did not show any increment in the number . Initiation 
of shoot bud proliferation was observed from the nodal region of explant 
after 28 days of inoculation. The shoot length measured 1.5 cm after 35 
days of inoculation (Fig.4 A,B)-
The nodal explants inoculated on MS medium supplemented with 
IBA (4mg/l) exhibited callus initiation from cut ends and surface of the 
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explants 8 and 10 days after inoculation respectively. Callus growth was 
very poor. Initiation of indirect rhizogenesis was observed from the callus 
at the cut end of stem 12 days after inoculation. Direct rhizogenesis was 
also noticed from the surface of the explant and about 20 - 30 roots 
developed within 25 days after inoculation (Fig. 4C). Shoot bud present 
in the nodal region of explant proliferated after 27 days of inoculation 
and attained a height of 2.0 cm after 35 days of inoculation (Fig.4D). 
Effect ofBAP/Kn in combination with NAA on 
nodal explants 
The different concentrations of BAP/Kn with NAA were tested to 
induce shoot proliferation from nodal region of the stem explants (Fig. 8). 
The nodal segments cultured on MS medium supplemented with 
BPSfSiA mg/1) + NAA (0.2 mg/1) exhibited friable light green callusing 
from cut ends of the explants 7 days after inocultation which did not grow 
further. Initiation of shoot proliferation was noticed from the nodal region 
of explant 15 days after inoculation. Subsequently small shoot bud emerges 
out at the base of proliferated shoot, which did not show any further 
growth . Very rapid elongation in shoot was observed 20 days after 
inoculation (Fig. 5A). After 30 days of inoculation the shoot length 
measured 6 cm in length bearing 2 - 3 nodes and 3 - 4 leaves (Fig. SB), 
The nodal segments cultured on MS medium augmented with BAP 
(lmg/1) + NAA (0.4mg/l) exhibited initiation of friable brown callusing 
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from the surface of explant 7 days after inoculation. Growth of callus 
continued only for next 5 days. Initiation of shoot proliferation was same 
as in BAP (0.4mg/l) + NAA (0.2 mg/1) (Fig.SC). After 20 days of 
inoculation very fast growth in shoot was observed alongwith the 
appearance of two leaves and one shoot bud at the basal portion of the 
shoot. Shoot bud did not show any further growth but the main shoot 
attained a length of 5.5 cm after %0 days of inoculation . The shoot at this 
stage has 3 - 4 nodes and 6 - 7 leaves (Fig. 5D). 
The nodal stem segments cultured on MS medium supplemented 
with BAP (4mg/l) + NAA (2mg/l) showed callus initiation from the cut 
ends and surface of the explant 8 days after inoculation. Rapid growth in 
callus was observed 15 days after inoculation. Within 5-10 days the explant 
exhibited compact light green callus from the cut end in contact with the 
medium . Bud break was noticed from the nodal region of the explant but 
it failed to elongate even after 30 days of inoculation (Fig. 5E). 
The nodal explants cultured on MS medium supplemented with 
Kn (0.4 mg/1 + NAA (0.2 mg/1), Kn (1 mg/1) + NAA (0.4 mg/1) and Kn 
(4 mg/1) + NAA (2 mg/1) did not show shoot bud proliferation. 
Effect of NAA on internodal explants 
Internodal explants cultrued on MS medium supplemented with 
NAA (2,4 and 6 mg/1) exhibited direct and indirect rhizogenesis with 
varying degree of responses (Fig. 9). The details of the results obtained 
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are described as follows. 
The internodal segments cultured on MS medium fortified with 
NAA (2mg/l) showed callus initiation from cut ends 7 days after 
inoculation. Patches of brown callusing were noticed from the surface of 
explants after 10 days of inoculation. Initiation of indirect rhizogenesis 
was observed after 13 days of inoculation. The roots were found to be 
white thick with fine root hairs. After 25 days of inoculation 10-12 roots 
were obtained (Fig-6A). 
The internodal segments cultured on MS medium supplemented with 
NAA(4mg/l) exhibited callus initiation from cut ends and surface of stem 
7 days after inoculation. The size of the callus increased considerably 
after 15 days of inoculation . The calli were compact and green in colour. 
Initiation of direct rhizogenesis was observed from the surface of stem 
segment after 18 days of inoculation. Root growth was very slow. After 
25 days of inoculation only 3-4 roots were obtained (Fig.6B). 
The internodal segments cultured on MS basal medium 
supplemented with NAA (6mg/l) exhibited callus initiation 7 days after 
inoculation. Rapid growth in callus was observed from cut ends 10 days 
after inoculation but its growth continued only for 3-4 days. Initiation of 
indirect rhizogenesis was noticed after 20 days of inoculation. The roots 
were found to be very thin. Even after 23 days of inoculation there was 
no increment in number and size of roots (Fig. 6C) (Table 1) 
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Leaf culture 
Callogenesis 
The leaf explants cultured on MS basal medium supplemented with 
various hormonal combinations and concentrations showed swelling and 
curling of leaves 5 days after inoculation and callus initiation 7-10 days 
after inoculation. 
The leaf explants cultured on MS medium augmented with 2, 4-D 
(lOmg/l) + BAP (l.Omg/1) showed callus initiation from the surface of 
leaf 7 days after inoculation. The whole surface of leaf was transformed 
into nodular yellowish green callus within next 7- 8 days (Fig. lOA) The 
ca l lus cont inued its growth upto 20 days after inocula t ion . 
These calli when subcultured on MS medium augmented with BAP 
(lmg/1) -i- NAA (0.4mg/) started pigmentation 7 days after subculturing 
and within 4-5 days the callus became dark green (Fig. lOB). The 
morphogenetic potentials of these calli were lost after 2-3 subcultures 
and shoot bud formation was not observed (Fig. 10 C). 
The leaf explants cultured on MS medium fortified with 2,4 - D 
(lOmg/l) + NAA (lmg/1) showed callus initiation only from petiolar 
region.Initially the callus was friable white and within 5-6 days the callus 
exhibited pigmentation (Fig. IIA ) and no shoot bud differentation was 
observed upto 20 days.The pigmented portion of callus subcultured on 
MS medium augmented with BAP (4mg/l) + NAA (Img/l) showed proper 
growth in callus within 4-5 days after transfer. After 10 days a mass of 
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compact green callus was obtained (Fig. 11B). Whereas leaf explants 
cultured on MS medium augmented with IB A (lOmg/1) +NAA (lmg/1) 
showed callus initiation from petiolar region, midrib and its associated 
veins 7 days after inoculation. The callus was found to be creamy white 
and compact. After 15 days of inoculation the calli did not grow further 
(Fig. IIC). 
Leaf explants cultured on MS medium supplemented with lAA 
(2mg/l) in combination with 2, 4 - D (2mg/l) exhibited callus initiation 
only from petiolar region 10 days after inoculation (Fig. 12 A). The callus 
was soft friable and pale yellow in colour. The callus subcultured on MS 
medium augmented with Kn (lmg/1) + NAA (0.4mg/l) started pigmentation 
7 days after subculture and with fast growth. After 15 days compact green 
callus was obtained (Fig. 12B). The leaf explants cultured on MS medium 
supplemented with NAA (lOmg/1) + BAP (lmg/1) exhibited callus 
initiation from petiole of leaf 10 days after inoculation (Fig. 12C). The 
callus growth was very slow. The callus did not show any significant 
growth even after 20 days of incubation. Thus the callus with small leaf 
portion was subcultured on in lAA (2mg/l) + 2, 4 - D (2mg/l) and a mass 
of compact bright whitish callus was obtained after 10 days of subculture 
(Fig. 12D). 
Direct and indirect rhizogenesis 
The calli obtained from leaf explants on MS medium supplemented 
28 
with NAA (lOmg/1) + BAP(lmg/l) subcultured on IB A (3mg/l) exhibited 
initiation of root formation 7 days after subculture. Growth in callus was 
also observed. The number of roots increased considerably after 15 days 
of subculture. Approximately 20 roots were observed 25 days after 
subculture (Fig. 13 A). 
The leaf explants cultured on MS basal medium supplemented with 
IB A (10 mg/1) + NAA (1 mg/1) showed initiation of callus from petiolar 
region, midrib and veins which did not grow further. So the leaf explant 
alongwith callus when subcultured on MS medium supplemented with 
IBA (4mg/l) showed rhizogenesis from the surface of leaf 15 days after 
subculture (Fig. 13B). Callus growth was also observed. Rhizogenesis 
was observed from callus after 20 days of subculture. After 30 days there 
was no increase in the number of roots (Fig. 13C). (Fig. 15 & 16). 
Caulogenesis 
Leaf explants cultured on MS medium supplemented with Kn 
(lOmg/1) + lAA (lmg/1) exhibited swelling and curling of leaf 5 days 
after inoculation. Even after 4 weeks of incubation period the leaf explants 
did not show any response. But after another two weeks of incubation 
emergence of two small shoots were observed from the basal region of 
midrib without intervention of callus formation. These shoots did not show 
any considerable growth upto 7 weeks after inoculation (Fig. 14A). The 
regenerated shoots when cultured on MS medium supplemented with NAA 
29 
(0.5-1.5 mg/1) showed only callusing but on MS/2 medium supplemented 
with IBA (0.5 mg/1) + sucrose ( 2%) exhibited callus formation followed 
by rhizogenesis (Fig. 14 B, C, D) (Table 2). 
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EXPLANATION OF FIGURE -1 
Showing source of explants. 
FIGURE -1 
EXPLANATION OF FIGURE -2 
(A) Direct rhizogenesis 17 days after inoculation on MS + IBA (1 mg/l). 
(B) Indirect rhizogenesis and secondary roots formation 25 days after 
inoculation. 
(C) Direct caulogenesis showing positive geotropism 35 days after 
inoculation. 
ig = l ight green, lb = l ight brown, r = root, rh = root hair, 
br = branched root, sh = shoot 
FIGURE-2 
EXPLANATION OF FIGURE -3 
(A) Indirect rhizogenesis 16 days after inoculation on MS+IBA(2mg/l). 
(B) Shoot proliferation from the buds present in the axil of explant 27 
days after inoculation. 
(C) Shoot growth 35 days after inoculation. 
lb = light brown, ab = axillary bud, r = root, sh = shoot, cig = compact 
light green 
FIGURE -3 
EXPLANATION OF FIGURE -4 
(A) Direct rhizogenesis and shoot proliferation 20 and 28 days after 
inoculation respectively on MS + IBA (3 mg/l). 
(B) Shoot growth 35 days after inoculation. 
(C) Direct and indirect rhizogenesis 25 days after inoculation on MS + 
IBA (4 mg/l). The roots were white and thick with dense root hairs. 
(D) Shoot growth 35 days after inoculation. 
sh = shoot 
FIGURE -4 
EXPLANATION OF FIGURE -5 
(A) Proliferated shoot showing fast growth 20 days after inoculation 
on MS + BAP (0.4 mg/l) + NAA (0.2 mg/l). 
(B) Shoot growth 30 days after inoculation. 
(C) Shoot proliferation from nodal region of explant 16 days after' 
inoculation on MS + BAP (1 mg/l) + NAA (0.4 mg/l). 
(D) Shoot growth 30 days after inoculation. 
(E) Only bud break from nodal region of the explant 25 days after 
inoculation on MS + BAP (4 mg/l) + NAA (2 mg/l). 
shb = shoot bud, bb = bud break, cig = compact light green 
FIGURE -5 
EXPLANATION OF FIGURE -6 
(A) Indirect rhizogenesis 15 days after inoculation on MS + NAA 
(2 mg/l). 
(B) Callus growth and direct rhizogenesis 20 days after inoculation on 
MS + NAA (4 mg/l). 
(C) Callus growth and Indirect rhizogenesis 22 days after inoculation 
on MS + NAA (6 mg/l). 
r = root 
EXPLANATION OF FIGURE -7 
Histogram showing callus, roots and shoot growth on MS basal medium 
augmented with IBA (1, 2, 3 and 4 mg/l). 
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EXPLANATION OF FIGURE -8 
Histogram showing stioot proliferation from the bud present in axil of the 
explant on MS basal medium supplemented with various concentrations 
of BAP/Kn in combination with NAA. 
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EXPLANATION OF FIGURE -9 
Histogram showing callus and root growth on MS basal medium 
supplemented with NAA (2, 4 and 6 mg/l). 
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EXPLANATION OF FIGURE - 10 
(A) Nodular yellowish green callusing from surface of explant 20 
days after inoculation on MS + 2, 4-D (10mg/l) + BAP(1mg/l). 
(B) Nodular dark green callus 12 days after subculture on MS + BAP 
(1mg/l) + NAA (0.4mg/l). 
(C) Compact light green callusing after 2-3 subculture. 
nyg = nodular yellowish green, cdg = compact dark green 
FIGURE -10 
1 1 
^ ^ ^ ^ ^ ^ 
1 ^ ^^^^^^^^^^^^^^H 
EXPLANATION OF FIGURE -11 
(A) Friable white callusing from petiole of explant on MS + 2, 4-D 
(10mg/l) + NAA (1 mg/l) which later exhibited pigmentation. 
(B) Subcultured calli showing proper growth on MS + BAP (4 mg/l) + 
NAA (1 mg/l). 
(C) Compact creamy white callusing from petiole region, midrib 
and associated vein of explant on MS + IBA (10 mg/l) +NAA 
(1mg/l). 
p = pigmentation, fw = friable white, eg = compact green, ccw = compact creamy 
white 
FIGURE -11 
EXPLANATION OF FIGURE -12 
(A) Friable pale yellow callusing from petiolar region of explant on 
MS + lAA (2 mg/l) + 2, 4-D (2 mg/l). 
(B) Subcultured compact and green callus on MS + Kn (1 mg/l) + NAA 
(0.4 mg/l). 
(C) Compact light yel low cal lusing from petiole of explant on 
MS + NAA (10 mg/l) + BAP (1 mg/l). 
(D) The callus along with small leaf portion subcultured on MS 
+ iAA(2 mg/l) + 2, 4-D (2 mg/l) showing compact bright white 
callusing. 
fpy = friable pale yellow, eg = compact green, cly = compact light yellow, cbw = 
compact bright white 
FIGURE -12 
b 
EXPLANATION OF FIGURE -13 
(A) Profused rhizogenesis on MS + IBA (3 mg/l). 
(B,C) Direct and indirect rhizogenesis on MS + IBA (4 mg/l). 
r = root 
FIGURE -13 
EXPLANATION OF FIGURE -14 
(A) Direct shoots regeneration from leaf explant on MS + Kn (10 
mg/l) + lAA (1mg/l). 
(B) Regenerated shoots subcultured on MS + NAA (0.5 -1.5 mg/i) 
showing only callusing from cut end of shoots. 
(C, D)Subcultured shoot showing callusing followed by rhizogenesis 
on MS/2 + IBA (0.5 mg/l) + sucrose (2%). 
sh = shoot, r = root 
FIGURE -14 

EXPLANATION OF FIGURE -15 
Histogram illustrating callus growth on MS medium supplemented with 
various concentrations of auxins in combination with cytokinins. 
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EXPLANATION OF FIGURE -16 
Histogram illustrating that subculture calli exhibited further growth as 
well as root formation. 
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DISCUSSION 
The classical findings of Skoog and Miller (1957) continue to be 
the guiding principles in in vitro organogenesis. Generally a high 
concentration of auxin and low concentration of cytokinin in the medium 
promotes abundant cell proliferation followed by callusing. On the other 
hand, low auxin and high cytokinin concentration in the medium result in 
the induction of shoot organogenesis. Auxin alone or with a very low 
concentration of cytokinin is important for the induction of root primodia. 
This being so, the question first proposed by Torrey (1966) is also relevant 
today. Whether the exogenous phytohormones act directly on target cells 
to induce organogenesis or only indirectly by setting up conditions, which 
allow some intrinsic cellular development to be initiated. 
In the present investigation nodal, internodal stem and leaf explants 
have been successfully cultured on MS basal medium supplemented with 
different concentrations and combinations of auxins and cytokinins singly 
as well as in combinations. 
The intense and systematic efforts in Moracceae have proved to be 
refractory or recalcitrant to cultures. In the present investigation on Ficus 
carica, manipulation of different phytohormones resulted in abundant 
callus mass, development of roots and proliferation of shoots. 
The phenolic exudation into the medium as observed in the present 
study, which causes a general growth inhibition has been checked to some 
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extent by the use of Ascorbic acid (200 mg/1) and activated charcoal 
(50 mg/l). Whereas in Morus alba (Verma et al. 1996) pretreatment of 
explants with Citric acid (750 mg/1), Ascorbic acid (500 mg/1) and PVP 
(500 mg/1) has been used to check phenolic release. 
Generally a combination of cytokinin and auxins has been used 
for shoot bud proliferation and shoot multiplication from nodal segments 
as in Plumbago rosea (Harikrishnan and Hariharan, 1996) but in the 
present investigation IB A (1, 2, 3 and 4 mg/1) showed shoot proliferation 
from nodal region of explant alongwith callusing and root formation from 
cut ends as well as from the surface of the explants. In all the above 
concentrations of IBA, IBA (lmg/1) exhibited positive geotropic shoot 
formation. Whereas Babber et al. (1998) reported the formation of 
negatively geotropic root in Cardiospermum halicacabwn on MS medium 
supplemented with NAA + cytokinin in the ratio of 1: 1. Internodal stem 
segments cultured on MS medium supplemented with NAA (2 mg/1) 
showed callusing followed by profused rhizogenesis. Shylesh and 
Padikkala (1996) also reported callus formation and root induction in 
Emilia sonchifolia on MS and Gamborg Bj medium supplemented with 
lAA and BAP. 
A combination of BAP(1 mg/l)+ NAA (0.4 mg/1) showed best 
proliferation of shoot from nodal region of stem explants. Similarly 
Sardana and Batra (1998) reported shoot proliferation from shoot tip 
explants on MS medium supplemented with BA and NAA in Simmondsia 
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chinensis, whereas in Plumbago rosea (Harikrishnan and Hariharan, 
1996) lAA was used in place of NAA for multiple shoot induction. It has 
also been noticed that instead of BAP a combination of Kn and NAA did 
not support shoot bud proliferation. The ineffectiveness of Kn in inducing 
shoot bud has been reported in Citrus sp. (Chaturvedi and Mitra, 1975). 
Kothari and Chandra (1984 a, b) also reported that BAP has an effective 
role in shoot bud induction than Kn in African Marigold. 
The leaf explants cultured on MS medium supplemented with 
2, 4-D (10 mg/1) and BAP (1 mg/1) proved better for nodular callus 
induction. The Calli subcultured on BAP(lmg/l) + NAA (0.4mg/l) did 
not show shoot bud differentiation. Whereas, Hussein and Batra (1998) 
reported somatic embryogenesis from hypocotyl explants of Cumin 
cyminum on MS medium containing BA (6 mg/1) and lAA (3 mg/1). The 
calli obtained from leaf explants on MS medium supplemented with NAA 
(10 mg/1) + BAP (lmg/1) when subcultured on IB A (3 mg/1) exhibited 
profused rhizogenesis. Similar result has also been reported earlier by 
Shahzad et al. (2000) in Cannabis sativa on MS medium supplemented 
with NAA (3 mg/1) + Kn (0.05 mg/1). Direct shootaegeneration as observed 
in the present investigation on MS medium supplemented with Kn (10 
mg/1) + lAA (1 mg/1) has also been elicited earlier in Passiflora caerulea 
(Jasrai et al. 1999) on MS medium supplemented with BA (10 ^M) and 
IAA(0.1 ^M). 
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Our results have clearly indicated that a lower concentration of BAP 
(0.4 mg/1) + NAA (0.2 mg/1), BAP (1.0 mg/1) + NAA (0.4 mg/1) were 
effective for shoot proliferation from nodal explants, whereas a 
combination of Kn + NAA was ineffective. It has also been noticed that 
shoot showed positive geotropism on MS + IB A (1 mg/1). 
A combination of 2, 4-D (10 mg/1) + BAP (1 mg/1) proved superior 
to other hormones for nodular callus induction and Kn (10 mg/1) + lAA 
(1 mg/1) for direct shoots regeneration from leaf explants. 
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SUMMARY AND CONCLUSIONS 
Nodal, internodal and leaf explants have been successfully cultured 
on Murashige and skoog's basal medium supplemented with various 
hormonal concentrations singly as well as in combinations. The results 
are summarised below. 
Stem explants 
(1) Various concentrations of NAA (2, 4 and 6 mg/1) induced direct 
and indirect rhizogenesis from internodal segments. NAA (2 mg/1) proved 
better for indirect rhizogenesis. While NAA (4 and 6 mg/1) exhibited poor 
rhizogenesis. 
(2) Concentrations of IBA ( 1,2,3 and 4 mg/1) used for morphogenetic 
studies of nodal explants showed callogenesis, rhizogenesis as well as 
caulogenesis with varying degree of response. IBA (1 mg/1) proved best 
for rhizogenesis and caulogenesis with maximum shoot length of 3.0 cm. 
The shoot showed positive geotropism. While IBA (2 mg/1) was found to 
be best for callogenesis, although rhizogenesis and caulogenesis was also 
obtained in the same concentration. 
(3) Low concentration of BAP (0.4 mg/1) + NAA (0.2 mg/1) and 
BAP (1 mg/1) + NAA (0.4 mg/1) proved better for shoot proliferation 
while higher concentration of BAP (4 mg/1) + NAA (2 mg/1) showed 
only bud break. 
(4) Various hormonal combinations and concentrations of Kn (0.4 mg/1) 
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+ NAA (0.2 mg/1), Kn (1 mg/1) + NAA (0.4 mg/1) and Kn (4 mg/1) + NAA 
(2 mg/1) did not show any sign of shoot bud proliferation. 
It may therefore be concluded that the application of IBA proved 
better than NAA for direct and indirect rhizogenesis and BAP + NAA 
showed its effectiveness for shoot proliferation. 
Leaf explants 
(5) Of the various hormonal concentrations of auxins and cytokinins 
tested for callus induction, 2, 4-D (10 mg/1) + BAP (lmg/1) proved to be 
better for nodular callus formation. 
(6) Nodular calli when transferred to BAP (1 mg/1) + NAA (0.4 mg/1) 
showed further callus growth but did not show any sign of shoot bud 
formation. 
(7) Higher concentration of IBA (4 mg/1) decreased the rate of root 
induction while lower concentration of IBA (3 mg/1) increased the number 
of roots. 
(8) Incorporation of a high concentration of kn (10 mg/1) to low 
concentration of lAA (lmg/1) triggered direct shoots regeneration from 
basal region of midrib of leaf explant. 
(9) Regenerated shoots were tested for rooting on different rooting media 
i.e. NAA (0.5-1.5 mg/1) and IBA (0.5-1.5 mg/1). Of all the media used, 
IBA (0.5 mg/1) + sucrose (2%) with 1/2 strength of MS basal medium 
showed better response which resulted in callusing followed by rhizogenesis. 
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Thus it may be concluded that 2, 4-D (lOmg/1) + BAP (Img/l) 
proved superior to other hormones for nodular callus induction and Kn 
(10 mg/1) + lAA (1 mg/1) for direct shoots regeneration. 
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